Photooxidative coupling of thiophenol derivatives to disulfides.
Disulfide bonds play an important role in determining the structure and stability of proteins and nanoparticles. Despite extensive studies on the oxidation of thiols for the synthesis of disulfides, little is known about the photooxidation of thiols, which may be a clean, safe, and economical alternative to the use of harmful and expensive metal-containing oxidants and catalysts. In this paper, we report the photooxidative coupling of thiophenol derivatives to disulfides. Para-substituted thiophenol derivatives, p-SHC(6)H(4)X (X = NO(2), COOH, Cl, and OCH(3)), are irradiated, and disulfides, X(2)(C(6)H(4))(2)S(2), are identified as the major photoproducts using Raman, UV-vis, IR, and NMR spectroscopies. For p-nitrothiophenol (pNTP), 4,4'-dinitrodiphenyldisulfide (DNDPDS) is produced in 81% yield. The product yield changes with pH, being the highest at pH ≈ 5, suggesting that both neutral thiol and anionic thiolate forms of pNTP are required for the photoreaction to occur. Excitation at 455 nm, at which the thiolate form of pNTP absorbs strongly, leads to the largest yield of DNDPDS, whereas very little DNDPDS is formed by excitation of the thiol form of pNTP at 325 nm. Our observations suggest that the photooxidation occurs via collisions of the electronically excited thiolate form of pNTP with the surrounding neutral thiol forms of pNTP. The photooxidation reaction happens regardless of the electron-withdrawing or electron-donating properties of the substituents if the pH and excitation wavelengths are properly chosen. The versatility of light and generality of the photooxidative coupling reaction of thiophenol derivatives may open new possibilities for selective and site-specific photocontrol of disulfide bond formation in biology and nanomaterial science as well as in synthetic chemistry.